
 
TThhiirrdd  IInntteerrnnaattiioonnaall  CCoonnffeerreennccee  oonn  

RRaaddiiaattiioonn  SScciieenncceess  aanndd  AApppplliiccaattiioonnss 
12 – 16 November 2012/ Hurghada, Egypt 

 

The radiation hazards of some radio-elements in petroleum 
and phosphate regions along the Red Sea, Egypt 
Mahmoud A. Dar* and Mahmoud I. El Saman  
* National Institute of Oceanography and Fisheries, Red Sea Branch, Hurghada, Egypt. 
Correspondence author: E-mail: mahmoud_rady@yahoo.com 

ABSTRACT 

The activities of 226Ra, 232Th and 40K were measured using gamma ray 
spectrophotometer as well as the radiological hazard parameters were calculated 
in the marine sediments at two industrial regions along the Red Sea coast; oil 
and gas industry at Rasel Behar and phosphate mining, milling and shipping at 
Hamrawin.  Ra-226, 232Th and 40K at Rasel Behar recorded the average 
activities of, 15.2±6.3, 16.2±8.7 and 330.7±107.1 Bq/kg and at Hamrawin were; 
114.2±134.5, 14.8±17.2 and 253.9±78.1 Bq/kg respectively. The averages of the 
absorbed dose rates (D), the annual effective dose rate (mSv/y), radium 
equivalent (Raeq), the external hazard index (Hex) and the internal hazard index 
(Hin) and the representative level index (Ir) at Rasel Behar were; 30.7 nGy/h, 
0.04 mSv/y, 63.8 Bq/kg, 0.2, 0.5 and 0.2 and at  Hamrawin were; ; 72.35 nGy/h, 
0.09 mSv/y, 154.9 Bq/kg, 0.42, 0.73 and 1.08 respectively. The calculated 
radiation hazard parameters at Rasel Behar were lower than the global average 
and most studies in the Red Sea, while at Hamrawin were higher than the 
calculated averages in the Red Sea and some parameters; (Hex, Hin and Ir) 
exceeded the unity and out of the human health safe limit and it may be harmful 
to the peoples in the region. 
Keywords: Red Sea, radiation hazard, radionuclides, human health, industrial 

regions. 

 
INTRODUCTION 

Man-made or anthropogenic radionuclides are created via human 
activities, which vary with time and location. Sources of man-made 
radionuclides are divided into nuclear and non- nuclear industries. 
Accumulation of such substances in the marine costal environment raises many 
problems concerning safety of biotic life, food chain and ultimately humans. 
Mining, phosphate fertilizers manufacture, agricultural applications, coal 



Mahmoud A. Dar et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 651 

combustion, cement production, street construction and other human activities 
are non-nuclear industries which have produced and redistributed increasing 
amounts of radioactive matter leading to a considerable contribution to the 
radio-ecological pollution (UNSCEAR, 1988; Oosterhuis, 1992; El-Mamoney 
and Khater, 2004; Ramasamy et al., 2009 Hu et al., 2010).  

The 238U series decay chain that starting by radium (226Ra) is the sources 
of the external and the internal radiation exposures in many human activities 
related to quarries, mining and oil drilling and production. In the hydrocarbon 
industry, oil spillage, gas flaring and drilling activities are believed to raise the 
natural background radiation of the environment (Arogunjo et al., 2004). 
Furthermore, oil and gas, by-products of the hydrocarbon industry and the 
chemicals used for crude oil exploration and exploitation may contain 
substances that are radioactive (Avwiri et al., 2009). The concentration and 
distribution pattern of 226Ra in sediment can be used to trace the radiological 
impact of the nonnuclear industries on the Red Sea coast (El Mamoney and 
Khater, 2004). Gamma radiation emitted from natural sources (background 
radiation) is largely due to primordial radionuclides, mainly 232Th and 238U 
series and their decay products, as well as 40K, which exist at trace levels in the 
earth’s crust (Al-Trabulsy et al., 2011). Natural environmental radioactivity and 
the associated external exposure due to gamma radiation depend primarily on 
the geological and geographical conditions and appear at different levels in the 
sediments in each region of the world (UNSCEAR, 2000). The radiological 
impact from the natural radioactivity is due to radiation exposure of the body by 
gamma-rays and irradiation of lung tissues from inhalation of radon and its 
progeny (El-Taher, 2012). The external exposure is caused by direct gamma 
radiation while the inhalation of radioactive inert gases radon (222Rn, a daughter 
product of 226Ra) and thoron (220Rn, a daughter product of 224Ra), and their 
short-lived secondary products lead to the internal exposure of the respiratory 
tract to alpha particles (El-Taher, 2010). Studying the primordial radionuclides 
distribution allows the understanding of the radiological implication of these 
elements due to the gamma-ray exposure of the body and irradiation of lung 
tissue from inhalation of radon and its daughters (Uosif, et al., 2008).  

The present work aims to assess radiological hazards to the human 
health of the natural radionuclides  (226Ra, 232Th and 40K) in two regions contain 
the most important industries along the Red Sea; petroleum exploration and 
productions at Rasel Behar and phosphate mining, milling and shipping 
activities at Hamrawin. 
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MATERIALS AND METHODS 

Study regions 

Rasel Behar is one of the important oil exploration and production areas 
along the Red Sea. It is located about 65km northern of Hurghada City along 
the Red Sea coast at the coordinates; 27° 43̀ 43.50̀̀̀̀ ̀N; 33° 32̀ 55.91̀̀ ̀E south of 
El-Zeit Bay in the western side of Jubal Strait at the southern entrance of the 
Gulf of Suez (Fig., 1). The coastal area of the locality is consisting of Raised 
Quaternary coral reef terrace covered with thin layer of silicate sands that 
increased in thickness seaward. Rasel Behar is partially protected from the 
intensive wave actions by a series of rocky islands that form Jobal Strait (Abu 
Towal Islands). The tidal flat is consisting of submersible terrace extending for 
about 120m covered with thin sand layer with dense seagrass carpets and algal 
flora. The coastal and offshore areas of Rasel Behar and El-Zeit Bay contain a 
series of the largest oil fields in the Gulf of Suez that were widely exploited in 
oil and gas exploration and production. 

Hamrawin area involves the biggest phosphate mines, milling factory 
and transporting harbor along the Red Sea. It is located about 20 km north of 
Quseir City and about 120km S. Hurghada Capital City along the Red Sea 
coast. Hamrawin phosphate harbour lies directly on small embayment to the 
south (Dar 2005) in the downstream of Wadi Hamrawin at the coordinates; 
between 26° 15' 5.26''; 34° 12' 0.7''E and 26° 15' 11.55''N; 34° 12' 12.34''E (Fig., 
1). The maximum recorded depth in the embayment was 10m directly below the 
shipping wharf. The mountainous area of Hamrawin involves one of the greatest 
phosphate mines that produce about 50% of the Egyptian phosphate production. 
Hamrawin Harbor contains big factory for crushing and milling the raw 
boulders and big stones. The crushed raw materials contain a mixture of all 
grain sizes; cobbles, pebbles and dust size. Throughout shipping operations; the 
transferred raw materials were exposed in most days to intensive winds, 
subsequently, the finest particles of raw materials (dust size) are smothering in 
air then fall down in the marine zone and the neighboring area. In the reverse 
wind days, the amount of volatized materials geminate to more than four or five 
folders due to the generated eddy winds that increasing the dropped raw 
materials to the marine area around the harbor. Also, the marine area is affected 
by the terrestrial runoff from the Red Sea Mountains during the temporary flash 
floods (El Mamony and Rifaat, 2001). 
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Sampling and analyses 

During May and June 2006; 23 samples were collected from the oil 
production and exploration region (Rasel Behar) and the marine area of 
phosphate mining, milling and shipping region (Hamrawin) along the Red Sea 
coast. The samples collected from the upper surface sediment layer (0-20cm) of 
the marine areas using Grab Sampler in water depth between 1m and 10m in 
addition to three samples were collected by hand from the alluvial delta at 
Hamrawin Valley outside the tidal area.  

The samples were air dried for 72 h then ground and sieved to reach a 
grain-size of about 100 mm. Each of the powdered samples was then mixed 
carefully using an electric shaker for homogeneity. The samples were 
transferred to a container of 40 mL volume and stored for four weeks to reach 
the equilibrium state, placed on the detector and measured for at least 10 h with 
gamma spectrometry (El-Arabi, 2005). 

Shielded high-resolution gamma spectrometers were used in the 
measurements. The relative efficiency of HPGe detectors ranged from 20% to 
50%. All the used detectors have a thin entrance window to increase the 
detection efficiency for low energy gamma rays. Cylindrical containers of 25 
mm height and 42 mm diameter were filled with about 20–70 g of the dried 
sample and then sealed for at least for 4 weeks to reach secular equilibrium 
between radium and thorium, and their progenies. Each sample was measured at 
least overnight and the spectra were analyzed using the GAMMA-99 program 
(Sinkko and Aaltonen, 1985; Vesterbacka et al., 2009). The determination 
method used at the Radiation and Nuclear Safety Authority (STUK) for 
analysing 226Ra 232Th and 40K has been accredited according to the European 
Standard EN ISO/IEC 17025 (ESEN 2005) (code T167). Accreditation is given 
by the Finnish Accreditation Service and the method was documented in 
STUK’s quality manual.  

Radiological hazard indices  

1- Absorbed and effective dose rate (D) 

The absorbed dose rates due to gamma radiations in air at1m above the 
ground surface for the uniform distribution of the naturally occurring 
radionuclides (226Ra, 232Th and 40K) were calculated based on guidelines 
provided by UNSCEAR (2000). The conversion factors used to compute 
absorbed gamma dose rate (D) in air per unit activity concentration in Bq/kg 
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(dry weight) corresponds to 0.462nGy/h for 226Ra, 0.604nGy/h for 232Th and 
0.042 nGy/h for 40K. Therefore D can be calculated as follows (UNSCEAR, 
2000):  

D = 0.462CRa+0.604CTh+0.0417CK     (1) 

Where CRa, CTh and Ck are the activity concentrations of 226Ra, 232Th 
and 40K in Bq/kg, respectively.  

The annual effective dose rate in (mSv/y) was calculated by the 
following formula (UNSCEAR, 2000):  

 (mSv/y) = D×24 hour× 365.25 day × 0:2 ×0:7 Sv/Gy  ×0:001  (2)  

Whereas, D is dose rate in (nGy=h), (0:2) is the occupancy factor and 
(0:7) was the (conversion coefficient) in Sv/Gy (Al-Trabulsy et al., 2011).  

2- Radium equivalent (Raeq) 

Radium equivalent (Raeq) index in Bq/kg is a widely used radiological hazard 
index. It is a convenient index to compare the specific activities of samples 
containing different concentrations of 226Ra, 232Th (228Ra) and 40K. It was 
defined on the assumption that 10Bq/kg of 226Ra, 7Bq/kg of 232Th and130Bq/kg 
of 40K produce the same gamma dose rate. It was calculated as follows (Beretka 
andMathew,1985):  

Raeq =CRa + 1.43CTh + 0.077CK   (3) 

Where CRa, CTh and Ck are the activity concentrations of 226Ra, 232Th and 40K in 
Bq/kg, respectively.  

3- External and internal hazard indexes(Hex and Hin)  

I.  External hazard index (Hex) 

The external hazard index (Hex) represents the external radiation 
exposure associated with gamma irradiation from radionuclides of concern. The 
value of Hex should not exceed the maximum acceptable value of one in order to 
keep the hazard insignificant.  

The external hazard index (Hex) is defined by (Jankovic et al., 2008): 

Hex = (CRa/370 + CTh/259 + CK/4810) ≤ 1     (4) 

II. Internal hazard index (Hin) 

The internal hazard index (Hin) is used to control the internal exposure 



Mahmoud A. Dar et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 655 

to 222Rn and its radioactive progeny (Al-Trabulsy et al., 2011). The internal 
exposure to radon and its daughter products is quantified by the internal hazard 
index (Hin), which is given by the following equation (Krieger, 1981):  

Hin = CRa/185 + CTh/259 + CK/4810 ≤ 1    (5) 

where CRa, CTh and CK are the activity concentrations of 226Ra, 232Th and 40K in 
Bq/kg, respectively.  

4- Representative level index (Ir): 

An additional hazard index so called representative level index is 
calculated by using the formula of (Harb, 2008): 

Ir = (CRa/150 + CTh/100 + CK/1500)     (4) 

Where CRa, CTh and CK are the specific activities (Bqkg-1) of 226Ra, 232Th and 
40K, respectively. The value of these indexes must be less than unity in order to 
keep the radiation hazard insignificant. 

RESULTS and DISCUSSION 

1- Rasel Behar 

Ra-226, 232Th and 40K at Rasel Behar recorded the average activities of, 
15.2±6.3, 16.2±8.7 and 330.7±107.1 Bq/kg. The calculated averages of the 
absorbed dose rates (D), the annual effective dose rate (mSv/y), radium 
equivalent (Raeq), the external hazard index (Hex) and the internal hazard index 
(Hin) and the representative level index (Ir) were; 30.7 nGy/h, 0.04 mSv/y, 63.8 
Bq/kg, 0.2, 0.5 and 0.2 respectively (Table 1). The recorded averages of the 
radiological hazards in the locality were lower than the average of oil and gas 
industry (Botezatu and Grecea, 2004), the global average (UNSCEAR, 2000), 
Red Sea Sediments (Sam et al., 1998; El Mamoney and Khater, 2004; El-Arabi, 
2005; El Saharty and Dar, 2010; El-Taher and Madkour, 2011) Gulf of Aqaba 
sediments (Al-Trabulsy et al., 2011) Brullus Lake (El-Reefy et al., 2010), Idku 
Lake (Fahmi et al., 2010), beaches of Accra (Lawluvi et al., 2011) and N.E 
Tamilnadu, India (Ramasamy et al., 2009) but higher than Suez Canal (El 
Tahawy et al., 1994), northwest Libya (El-Kameesy et al., 2008), (Table 4). The 
natural radioactivity levels in the oil field environmental media, which could 
represent a risk for the people living in the areas influenced by this non-nuclear 
industry, do not indicate an increase in the natural radiation background 
(Botezatu and Grecea, 2004). Many oil-field brines are particularly rich in 
chloride, enhancing the solubility of other elements including the radioactive 
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element radium. Radium concentrations tend to be higher in more saline water 
(Smith, 1992). Some of this saline, radium bearing water is also extracted with 
the oil and gas. Some radium and radium daughter compounds are slightly 
soluble in water and may become mobilized when this production water is 
brought to the surface (Botezatu, and Grecea, 2004).  

The correlation coefficient and linear regression relationships showed 
significant positive correlations between the different radio-elements and the 
radiological hazard parameters but with different intensities following the order; 
226Ra>232Th>40K (Table 3). These relations indicated that 226Ra, 40K and 232Th 
are responsible together about the recorded radiological limits in the locality 
(figs., 2,3,4). The activity distributions of the different radiological parameters 
recorded the highest intensities were close to the coastal area and in the 
southward directions (Fig., 5) indicating to more than one source of radiation; 
the reject saline water from the oil containers, the reject water from the offshore 
platforms and may come from the mountainous area with winds. 

2. Hamrawin 

Phosphate rock is the starting raw material for all phosphate products. 
Phosphate materials contain a minor quantity of radioactive material, mainly 
various members of the uranium and thorium series, and radioactive potassium 
(Diab et al., 2008). The concentration of 238U and its decay products tend to be 
elevated in phosphate deposits of sedimentary origin. A comparison of the 
radiological impacts associated with the phosphate industry with those of 
uranium mining and milling indicates that most impacts are within one order of 
magnitude of each other per unit uranium production (Othman et al., 1992). It is 
obvious that extraction of phosphate ore presents potential health hazards in 
addition to its chemical toxicity, particularly when the ore requires building 
subterranean facilities, i.e. underground mines, for its extraction (Khater et al., 
2005). Al-Trabulsy et al., (2011) concluded that, phosphate industry has been 
considered a major source polluting the marine environment. During 
transportation and loading, a small proportion of this enters the waters of the 
Gulf. They added, the most important point is that the pollutants entering the 
Aqaba Gulf will remain for a long time with negligible dispersion as a result of 
the geographic isolation of the Gulf and consequently will have detrimental 
effect on the marine life and habits.  

At Hmarawin, the average activities of 226Ra, 232Th and 40K were; 
114.2±134.5, 14.8±17.2 and 253.9±78.1 Bq/kg. The absorbed dose rates (D) at 
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Hamrawin was varied between 24.4 and 209.7 nGy/h with average of 72.35 
nGy/h, the annual effective dose rate (mSv/y) changed from 0.01 to 0.3 mSv/y 
and the average 0.09 mSv/y, radium equivalent (Raeq) fluctuated between 50.5 
and 453.1 Bq/kg averaging of 154.88 Bq/kg, the external hazard index (Hex) was 
varied between 0.1 and 1.2 with average 0.42, the internal hazard index (Hin) 
changed from 0.2 to 2.4 averaging of 0.73 and the representative level index 
(Ir) fluctuated between 0.4 and 3.00 with an average of 1.08  (Table 2). The 
calculated radiological hazard parameters were higher than the recorded values 
in Aqaba Gulf (Al-Trabulsy et al., 2011), Algerian coast (Noureddine et al., 
2003), exclusive economic zone of Malaysia (Mei-Wo et al., 2011) and lower 
than phosphate Abu Tartour (Khater et al., 2001), phosphate layer of El-Sabaea 
(Harb et al., 2008) and phosphate rocks from Nile Valley, Western and Eastern 
deserts (Abbady, 2005). 

It is clear that some hazard parameters (Hex, Hin and Ir) indicate to 
significant signs of radiations because of some calculated values exceeded the 
unity and out of the human health safe limit and it may be harmful to the 
peoples in the region. As shown in table (3) the correlation coefficient and the 
linear regression relationships illustrated strong positive correlations between 
226Ra with the different radiological hazard parameters (Fig., 6), 232Th recorded 
insignificant relationships, while 40K showed strong negative correlations with 
these parameters (Fig., 7). This meaning that, 226Ra is the only responsible 
radio-element about the high radiation levels in the region.     

The activity patterns of the radiological hazard parameters in the marine area of 
Hamrawin showed the highest hazard below the shipping wharf and deceasing 
seaward and southward (Fig., 8). These patterns indicated that phosphate 
shipment operations in responsible about increasing the radiological hazards in 
the surrounding areas of Hamrawin. 
Table (1): The activities of 226Ra, 232Th and 40K and the calculated radiological 

hazard parameters at Rasel Behar 
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Table (2): The activities of 226Ra, 232Th and 40K and the calculated radiological 
hazard parameters at Hamrawin: 

 
Table (3): Correlation coefficient and linear regression at 95% confidence (*) 

relationships between the natural radionuclides and the calculated 
radiological hazard parameters at Rasel Behar and Hamrawin: 
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 Fig. (1): Location maps show the investigated locations and the samples 
distribution. 
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Fig., (2): The regression linear relations of 226Ra with the different radiation 
hazard parameters at 95% confidence at Rasel Behar. 
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Fig., (3): The regression linear relations of 232Th with the different radiation 
hazard parameters at 95% confidence at Rasel Behar. 
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Fig., (4): The regression linear relations of 40K with the different radiation hazard 

parameters at 95% confidence at Rasel Behar. 

 



Mahmoud A. Dar et al., J. Rad. Res. Appl. Sci., Vol. 5, No. 2(2012) 664 

 

Fig., (5): The activity patterns distributions of the different radiological hazard 
parameters at Rasel Behar. 
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 Fig., (6): The regression linear relations of 226Ra with the different radiation 
hazard parameters at 95% confidence at Hamrawin. 
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Fig., (7): The regression linear relations of 40K with the different radiation hazard 

parameters at 95% confidence at Hamrawin. 
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Fig., (8): The activity patterns distributions of the different radiological hazard 
parameters at Hamrawin. 
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CONCLUSIONS 

 Rasel Behar and Hamrawin represent two industrial regions along the 
Red Sea coast; Rasel Behar characterized by oil and gas industry 
(explorations and production) while Hamrawin contains big mines, 
milling factory and shipping of raw phosphates.  

 Rasel Behar recorded low radiation activities relative to the other 
studies in the Red Sea and world. 

 The activity patterns indicate to more than one source, one of them is 
the reject saline water from the oil containers and from the offshore 
platforms. 

 The radiation hazard parameters showed significant high values in some 
samples below the hipping wharf that decreasing seaward and 
southward. 

 Some radiological parameters; (Hex, Hin and Ir) exceeded the unity and 
out of the human health safe limit and it may be harmful to the peoples 
in the region. 

 Correlation coefficient and linear regression relationships indicated that 
R-226 is the responsible radio-element about the high levels of 
radiations while 40K showed inverse relationships. Also, phosphate 
shipments in the main source of radiation hazards in the region. 
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  المؤتمر الدولي الثالثالمؤتمر الدولي الثالث

  للعلوم اإلشعاعیة وتطبیقاتھاللعلوم اإلشعاعیة وتطبیقاتھا
   مصر- الغردقة – ٢٠١٢ نوفمبر ١٦ – ١٢

 
التأثیرات الضارة لبعض العناصر المشعة فى مناطق انتاج البترول والفوسفات 

   مصر–على ساحل البحر االحمر 
   السمانإبراھیممحمود ـ محمود عبد الراضى دار 

 .  البحر االحمر- الغردقة –المعھد القومى لعلوم البحار والمصاید 

  
) ٤٠(والبوتاسیوم ) ٢٣٢(الثوریوم و) ٢٢٦(تم قیاس االنشطة االشعاعیة لعناصر الرادیوم 

باستخدام التحلیل الطیفى باشعة جاما كما تم حساب معامالت االنشطة االشعاعیة الضارة فى الرواسب 
صناعة استخراج البترول والغاز : البحریة فى اثنین من المناطق الصناعیة على ساحل البحر االحمر

) ٢٢٦(الرادیوم . ت وطحنھ وتحمیلة فى الحمراوینالطبیعى فى رأس البحار وصناعة استخراج الفوسفا
 ، ٦٫٣±١٥٫٢: فى رأس البحار سجلت متوسط انشطة كانت) ٤٠(والبوتاسیوم ) ٢٣٢(والثوریوم 

 ، ١٣٤٫٥±١١٤٫٢: كیلو جرام وفى الحمراوین كانت / بكریك١٠٧٫١±٣٣٠٫٧ ، ٨٫٧±١٦٫٢
جرعة : مالت االنشطة االشعاعیةمعا. كیلو جرام على التوالى/ بكریك٧٨٫١٠±٣٥٢٫٩ ± ١٧٫٢±١٤٫٨

ومعامل الضرر ) Raeq(ومكافئ الرادیوم ) mSvy-1(والمعدل السنوى المؤثر ) D(االشعاع الممتصھ 
فى رأس ) Ir(ومعامل المستوى النموذجى لالشعاع ) Hin(ومعامل الضرر الداخلى )  Hex(الخارجى 

 ٠٫٠٩ ، ٧٢٫٣٥: ما فى الحمراوین كانت بین٠٫٢ ، ٠٫٥ ، ٠٫٢ ، ٦٣٫٨ ، ٠٫٠٤ ، ٣٠٫٧: البحار كانت
معامالت التأثیر االشعاعى الضار فى رأس البحار .  على التوالى١٫٠٨ ، ٠٫٧٣ ، ٠٫٤٢ ، ١٥٤٫٩، 

كانت اقل من المتوسط العالمى ومعظم الدراسات فى البحر االحمر لكن فى الحمراوین كانت اعلى من كل 
ت تجاوزت حد السالمة الصحیة للعاملین بھذه الدراسات فى البحر االحمر بل ان بعض المعامال

.المناطق
  


